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Motivation
NL/LRHA requires ground motions to evaluate 
structural performance.
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RHA

Limitations 
➢ Scaling or spectral matching 

changes the motions making 
them unrealistic



Research Question
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Q1. If the mean spectrum of a region-specific 
ground motion suite closely matches the 
target spectrum, how well does it represent 
structural response?

Q2. Are event-specific simulations 
necessary, or can simulations from other 
events in the same region provide reliable 
estimates?

Physics-based simulated ground motions 

have emerged as a complementary option:

➢ Local hazard

➢ High spatial resolution

PEER-LBNL simulated ground motion Database

How can physics-based simulated ground motions be 
reliably used for structural performance assessment?

The goal of running RHA is reliable prediction of structural demands



Workflow
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Location: South San Francisco

Description: 4-story building with steel moment-resisting frames

Designed in 1972 under uniform building code in the 1970s

Instrumentation: 11 channels of accelerometers

Records: 6 recorded events

Case Study Site

Event Name Magnitude 
(Mw)

Distance
(km)

Berkeley_2018 4.4 28.3

LomaPrieta_1989 6.9 84.8

MorganHill_1984 6.2 77.1

SanLorenzo_2021 3.9 28.4

Millbrae_2023 3.7 7.1

SouthNapa_2014 6.0 63.2
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OpenSees Model
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Available Info:
• Type of PLFRS: OMF
• Built year
• Plan view of each floor
• Layout of beams and columns
• Sensor locations
• Sensor readings

Missing Info:
• Beam column sizes
• Connection details
• Floor deck info
• Foundation information

Assume 
Load

Do 
Gravity 
Analysis

Select 
members

Check 
members 

as per 
AISC 360

Run 
NRHA 
and 

validate 
with 

measur
ed

Matched
?

Final model

Yes

No

Design Process



Model Calibration
3D Openseespy model

Validation of the model
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Before optimization (Mean error = 12%)

After optimization (Mean error = 2.24%)
Metric Recorded Opensees % Error Unit

X-period 0.7143 0.7694 7.71% sec

Y-period 0.6667 0.6798 1.98% sec

Peak roof 
acceleration-X 0.57 0.5743 0.75% g

Peak roof 
acceleration-Y 0.6 0.6136 2.26% g

Peak roof drift-X 0.37 0.3702 0.06% %

Peak roof drift-Y 0.43 0.4300 0.01% %

Final model



PEER-LBNL SGMD Data
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Dataset Overview
• Hayward fault physics-based simulated ground motions from the 

PEER-LBNL database 
• 9 stations surrounding the case-study building used
• Realizations 1-10 studied

Sources of Variability
• Realization-to-realization variability arises 

from rupture physics: 
• rupture initiation 
• slip distribution 
• rupture evolution 
• directivity effects 
• waveform and spectral content 

• Station-to-station variability arises from: 
• local site conditions 
• basin effects 
• regional velocity model differences



Physics-based Loma Prieta Simulation

9



Record Vs Simulation: Ground Motions
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SGMD R1: X dir PGA- Stations 3,4

LP Recorded Vs SGMD R1
Ground motions

SGMD R1: Y dir PGA- Stations 7,9



Record Vs Simulation: Ground Motions
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LP Recorded Vs LP Simulted
Ground motions

Simulated LP: X dir 1D



Results: IDR (R1)
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SGMD R1: Mean is under-predicting

LP Simulation: 
3D simulation at soft soil overpredicting
3D simulation at hard soil underpredicting
1D is closer 

SGMD R1: PGA match does not result in IDR match



Record Vs Simulation: Ground Motions
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SGMD R1: X dir PGA- Stations 4

LP Recorded Vs SGMD R10
Ground motions

SGMD R1: Y dir PGA- Stations 3



Results: IDR (R10)
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SGMD R10: Mean is representative

LP Simulation: 
3D simulation at soft soil overpredicting
3D simulation at hard soil underpredicting
1D is closer 

Spectral match at fundamental periods will provide 
realistic estimates

Simulations from other events provide a better 
estimate, given it captures the spectral parameters



Results: Site Influence
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R2 R9R4 R6

Stations that predicts well are not the same for 
all realization

Station 8 Station 7, 8, 9 Station 7, 9



Results: GM features
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Results: GM features
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Results: GM features

18

Spectral match with the target at fundamental periods



Conclusion & Future work
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Key Conclusion
• Physics-based simulated ground motions show strong potential for realistic structural performance 

assessment and response prediction.
• A close match of spectrum at the building’s fundamental periods provides realistic estimates. 
• Simulations from other regional events can still provide representative structural response when key 

spectral characteristics are captured.
• Proximity and site geology alone are not the driver but could be influential.

Future Work
• Investigate additional engineering demand parameters (floor acceleration, member demands) 
• Study sensitivity to rupture realizations and site conditions
• Develop systematic criteria for selecting representative simulated ground motion suites 
• Compare physics-based simulations with conventional ASCE 7 record-selection approaches 



Thank You!

20

Acknowledgements: 
• Prof. Buka Nweke
• Shakiba Eslambolchi
• Umang Agarwal
• Selim Gunay Questions?


